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Abstract: The structures located in hilly areas tend to be more vulnerable to seismic atmosphere as 
compared to the structures that come in flat regions. Structures on slopes vary from other structures 
because they are irregular both vertically and horizontally hence torsionally coupled and are inclined to 
severe damage when exposed to seismic action. The posts of ground floor have different height of posts 
because of sloping ground. Within this study, conduct of two storied sloped frame getting take a step back 
configuration is examined for sinusoidal ground motion with various slope angles i.e., 15°, 20° and 25° by 
having an experimental setup and therefore are validated by creating a Finite Element code performed in 
MATLAB platform and taking advantage of structural analysis tool STAAD Pro. by conducting a 
straight line time history analysis. In the above analysis, it's been observed that because the slope position 
increases, stiffness from the model increases because of reduction in height of short column which leads to 
increase of earthquake forces on short column that is about 75% of total base shear and likelihood of 
damage is elevated significantly because of the formation of plastic hinges therefore proper analysis is 
needed to evaluate the results of numerous ground slopes. 
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I. INTRODUCTION 
Earthquake is easily the most disastrous and 
unpredictable phenomenon of nature. Whenever a 
structure is exposed to seismic forces it doesn't 
cause loss to human lives directly but because of 
the damage induce to the structures leading towards 
the collapse from the building and therefore 
towards the occupants and also the property. Mass 
destruction from the high and low rise structures 
within the recent earthquakes results in the 
necessity of analysis particularly in a developing 
country like India. Structure exposed to 
seismic/earthquake forces will always be 
susceptible to damage and when it happens on the 
sloped building as on hillsides that are at some 
inclination down the likelihood of damage 
increases a lot more because of elevated lateral 
forces on short posts on uphill side and therefore 
results in the development of plastic hinges. 
Structures on slopes vary from individuals on 
plains since they're irregular horizontally in 
addition to vertically [1]. Because of the scarcity 
from the plain terrain in this area there's a duty of 
the making of the structures around the sloping 
ground. In present work, a 2 storied presented 
building by having an inclination of 15°, 20° and 
25° down exposed to sinusoidal ground motion is 
modeled by having an experimental setup and 
validated having a finite element coding performed 
within the MATLAB platform and results acquired 
are validated by performing straight line time 
history analysis in structural analysis and style 
software. 
 
Fig.1.Wooden wedge and logs 
II. PROPOSED MODELS 
1) Experimental Modeling: This handles 
experimental works performed on free vibration 
and compelled vibration on sloped frame model. 
The outcomes acquired in the experimental 
analysis are in contrast to the finite element coding 
performed in MATLAB platform. The job 
performed is categorized into three sections which 
are listed below: Three Mild Steel plates- Within 
this model, you will find three mild steel plates, a 
couple of same sizes and yet another of various 
sizes. Plate no. 1 and a pair of are utilized in every 
floor level and plate no. 3 utilized as base plate. 
Nuts and washers- The amount of group of Nuts 
and washers used is 32. Each 8 sets for 2 floor 
levels for connecting threaded rods with steel plates 
and eight nos. for base plate and eight nos. 
allowing you to connect threaded fishing rod 
towards the plate of shake table. Wooden logs and 
planks- The wooden logs and planks are utilized to 
obtain firm ground. The logs of wood are placed 
among base plate and shake table to fill the area 
between inclined base plate and platform of shake 
table. Wedge formed small logs of wood will also 
be used which facilitates in erect fitting of column 
with plates. Shake Table- Shake table can be used 
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to simulate the seismic event happening on the 
website [2]. Vibration Analyzer- Vibration 
analyzer (Veterans administration) is a vital aspect 
of condition monitoring program. It's also referred 
as predictive maintenance. It's accustomed to 
appraise the acceleration, velocity and 
displacement displayed over time waveform 
(TWF). However the generally used spectrum is 
the fact that produced from a quick Fourier 
Transform (FFT). Vibration Analyzer provides key 
details about the regularity information from the 
model. User Interface- This product can be used to 
permit the consumer to see and manipulate the 
forcing frequency from the model. The plethora of 
frequency readily available for the whole process 
of shake table comes from  to twenty Hz. Pc - The 
pc system accustomed to carry out the test includes 
Apple(R) Core (TM) i5 processor with 4 GB RAM, 
32-bit operating-system and running Home 
windows 7 professional. The program employed 
for data acquisition is NV Gate. Miracle traffic bot 
facilitates user to conduct the FFT research into the 
received signal and record various graphs. 
Accelerometer- It's a device which is often used to 
determine the correct acceleration. Proper 
acceleration doesn't intended to be the co-ordinate 
acceleration (rate of change of velocity with tim) 
but it's the acceleration so it encounters because of 
the free fall of the object. Accelerometer transfers 
its record towards the vibration analyzer that is 
received by computer and transforms it to some 
signal. Fabrication and Arrangement: The holes of 
8 mm diameter are impelled within the plates 4 
nos. by which threaded bar passes. The holes are 
created in a radial distance of 5v cm from each 
corner from the plate. In plate 3 slot cut of two cm 
is completed in a radial distance of 5v cm from 
each corner of base plate that is linked to platform 
of shake table. A slot cut of 5 cm is created on base 
plate to support slope position of 15°, 20° and 25° 
far away of 41 cm from slot cut of connected leg. 
The threaded rods are undergone these slots and 
holes and therefore are fixed towards the platform 
using nuts and washers. The base plate is bound 
maintaining the slope position of 15°, 20° and 25° 
(individually). The Plate 1 and a pair of are fixed in 
an obvious distance of 51 cm and 92.5 cm from 
connected finish of base plate correspondingly. The 
screw is tightened well to make sure proper fixity. 
The wooden logs are placed among base plate and 
platform to attain firm base much like what sloping 
ground. Now three accelerometers are attached to 
the plates, a couple of all of them with plate 1 and 
something with plate 2. These accelerometers are 
associated with the vibration analyzer which 
analyzer is attached to the computer. Free 
Vibration Analysis: A vibration is stated to become 
free whenever a mechanical product is trigger for 
an initial input after which set to vibrate freely. The 
vibrating system will moist to zero before that it'll 
provide a number of natural frequency. Within this 
experimental model, free vibration analysis is 
conducted to get the natural frequencies from the 
model. By performing FFT analysis we acquired 
two dominating frequencies that are natural 
frequencies. Both of these frequencies will be 
utilized for the groundwork for more analysis. A 
small push is offered towards the Plate 1 (Top 
floor) and also the readings are taken by doing FFT 
analysis natural frequency from the system is 
acquired. Forced Vibration Analysis-A forced 
vibration is a by which product is exposed to 
disturbance different as time passes. The 
disturbance might be load, displacement or velocity 
and it will be periodic or non-periodic, transient or 
steady. 2) Statistical Modeling: Make up the 
literature review we observed that there's a 
necessity to build up a Finite Element model on 
sloped frame to validate the outcomes acquired in 
the commercial software like STAAD Pro., 
ETABs, and SAP 2000 etc. Therefore a finite 
element modeling is transported out for that forced 
vibration analysis. A finite element model is 
produced for the sloped frame and it is natural 
frequencies are computed by performing free 
vibration analysis [3]. Forced vibration analysis can 
be used to review the dynamic response from the 
frame model with the aid of Newark’s integration 
method and also the results acquired are validated 
with structural analysis tool i.e., STAAD Pro. 
Finite Element Modeling: Flow chart is designed to 
comprehend the classification of research. Within 
this statistical model, from various direct 
integration approach, new mark’s direct integration 
approach can be used. Direct integration method 
views a step-by-step integration over time. They 
are of two sorts: Explicit and Implicit. In explicit 
kind of direct integration data used from past n 
quantity of steps to safeguard forward over time. In 
implicit type, information in the activity and 
equation of movement currently can be used. It's 
tougher than explicit approach to program. It may 
be made unconditionally stable separate from step 
size. It features a strong filtering action to 
smoothen and attenuate the predictive response so 
we don’t obtain the response that calculated 
response diverges or oscillates and also the penalty 
to make use of the big step dimensions are to get 
rid of our prime frequency character to lessen the 
response. Utilized in average acceleration method. 
STAAD Modeling: Within this study, statistical 
modeling in STAAD Pro platform from the sloped 
frame is described. The program and elevation of 
two storied sloped building exposed to ground 
motion record according to spectra of IS 1893 (Part 
1)-2002 is proven. You will find three different 
slope position taken that are 15°, 20° and 25°. All 
of the material qualities of steel beam and column 
element are described. Gravity loads considered 
will also be described. In the finish how big the 
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weather are described. In the following paragraphs, 
modeling is completed in STAAD Pro. A 2 storied 
sloped frame model with plan and elevation is 
proven from figure 4.2 to find 4.7 with various 
slope positions. However the total height from the 
building out of all three models is stored same i.e., 
92.5cm which height of bottom floor is 51 cm and 
41.5 cm for that second floor. The size of bay is 
taken as 40 cm in longitudinal direction and 30 cm 
in transverse direction. Structural Elements: In 
STAAD Pro. Straight line Time History Analysis is 
conducted on above models exposed to ground 
motion of intermediate frequency content. Height 
of floor for third and fourth floor is taken as 51 cm 
and 41.5 cm correspondingly. While the size of 
short column (on right) is 40.65 cm , 37.3 cm and 
32 cm for slope of 15°, 20° and 25° 
correspondingly. The size of beam is 40 cm in 
longitudinal (X) direction and 30 cm in transverse 
(Z) direction. Earthquake is really a term which is 
often used to touch on sudden discharge of seismic 
energy brought on by sudden wear a fault or 
because of any volcanic or magmatic activity. The 
stress energy stored within the earth crust is 
released because of tectonic movement from the 
plates and maximum some of it changes into heat 
and seem and also the remaining is transforms into 
the type of seismic waves. The majority of the 
earthquakes occur because of the plate tectonics 
[4]. The tectonic plates are large in dimensions thin 
and rigid plates that moves in accordance with each 
other around the earth’s outer surface. These plates 
are located in uppermost a part of mantle that is 
together known as lithosphere. You will find seven 
major plates that are Off-shore, American, 
Australian, Indian, Eurasian, African and Antarctic 
plates. The primary concern of Engineers may be 
the property and nature of ground motion as the 
scientists and researchers are curious about the 
character and property of earthquake. Engineers 
use accelerograph to determine the floor 
acceleration whereas scientists use seismograph to 
record the seismic waves. The seismic surf is 
mainly of two sorts. Your body waves further 
includes two sorts that are primary waves (P-wave) 
and secondary waves (S-wave). The top surf is also 
of two sorts i.e., Rayleigh and Love waves. Once 
the trembling of earth is powerful that's near to 50 
km range is called strong ground motion. The 
motion happens in three straight line displacements 
and three rotational displacements. Peak ground 
acceleration (PGA) may be the maximum absolute 
worth of ground acceleration. The regularity 
content, PGA and time duration would be the most 
important characteristics of the earthquake. The 
regularity content of the earthquake is the number 
of peak ground acceleration (PGA) when it comes 
to acceleration because of gravity (g) to the top 
level ground velocity (m/s) (PGV). It's classified 
into three high, intermediate and occasional 
frequency content. The very first natural frequency 
(akin to first mode) of the structure known as 
because the fundamental frequency. Once the 
excitation frequency and natural frequency matches 
then your resonance occurs. Earthquake ground 
motion is dynamic anyway and could be considered 
deterministic non-periodic transient load in 
addition to probabilistic load. Earthquake is classed 
according to focal depth, location, epicentral 
distance, causes and magnitude. Intensity and 
magnitude is a couple of specific parameters of 
earthquake. The concentration of earthquake is 
measured by the seriousness of trembling of ground 
in a certain location. It's a qualitative way of 
measuring an earthquake and it is measured by 
MM scale (Modified Mercalli) scale. Magnitude is 
the quantity of seismic energy released in the 
supply of earthquake. It's a quantitative way of 
measuring an earthquake which is dependent upon 
Richter magnitude scale. For the earthquake the 
magnitude is constant regardless of its location 
nevertheless its intensity differs from one place to 
another [5]. 
 
Fig.2.Numerical Model 
III. CONCLUSION 
Following conclusions could be attracted for that 
three sloped frame model in the results acquired in 
analysis: 15 degree sloped frame encounters 
maximum floor displacement because of low worth 
of stiffness of short column as the 25 degree frame 
encounters minimum floor displacement. 15 degree 
sloped frame encounters nearly exactly the same 
floor velocity by 20 degree and 25 degree within 
the top floor however the velocity is maximum for 
that floor degree of bottom floor while for twenty 
five degree frame velocity is minimum for degree 
of bottom floor. 15 degree sloped frame encounters 
maximum floor acceleration for that top floor with 
little variations using the 20 levels and 25 levels 
model as well as the floor degree of the very first 
floor, acceleration is maximum and it is minimum 
for that floor degree of the very first floor for 
twenty five levels frame. The amount of modes 
considered within the analysis is satisfying the 
codal provisions. The modal mass participation 
from the sloped frame model are decreasing for 
that first mode and growing for that second mode 
with the rise in slope position. For the three frame 
models, time history response from the top floor 
acceleration is maximum at resonance condition. 
The bottom shear of all of the structures are nearly 
exactly the same with little variations however their 
Poluru Penchala Prasad* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
  Volume No.4, Issue No.6, October – November 2016, 4608-4611.  
2320 –5547 @ 2013-2016 http://www.ijitr.com All rights Reserved.  Page | 4611 
distribution on posts of ground floor is really the 
short column attracts most (75% approximately.) 
from the shear pressure which results in plastic 
hinge formation around the short column and 
therefore are susceptible to damage. Proper design 
criteria should be relevant to avoid formation of 
plastic hinge. 
IV. REFERENCES 
[1]  Babu, N. J. and Balaji, K.Y.G.D, “Pushover 
analysis of unsymmetrical framed structures 
on sloping ground” International Journal of 
Civil, Structural, Environmental and 
Infrastructure Engineering Research and 
Development (IJCSEIERD) ISSN 2249-
6866 Vol. 2 Issue 4 Dec - 2012 45-54.  
[2]  Chen, B. F., Nokes, R. “Time-independent 
finite difference analysis of fully non-linear 
and viscous fluid sloshing in a rectangular 
tank” Journal of Computational Physics 209 
(2005) 47–81.  
[3]  Kattan, P.I., MATLAB Guide to Finite 
Elements, P.O. BOX 1392, Amman 
11118Jordan, Edition II.  
[4]  Mwafy, A.M. and Elnashai, A.S., “Static 
pushover versus dynamic collapse analysis 
of RC buildings”, Engineering Structures, 
vol. 23, No. 5, pp. 407-424, 2001.  
[5]  Prashant, D., Jagadish, K. G., “Seismic 
Response of one way slope RC frame 
building with soft storey” International 
Journal of Emerging Trends in Engineering 
and Development Issue 3, Vol.5 (September 
2013).  
AUTHOR’s PROFILE 
 Poluru Penchala Prasad Completed 
his Btech in Jagans College of 
Engineering & Technology, 
Choutapalam in 2014. Now pursuing 
Mtech in Civil Engineering in SKR 
College of Engineering & 
Technology, Manubolu 
 K Sastry  , received his ME degree, 
currently He is working as an 
Assistant Professor in SKR College 
of Engineering & Technology, 
Manubolu 
 
